Introduction
In 1939, [2] were the first to publish a description on the occurrence of gneisses in Thailand. These high-grade
Results
In order to test the validity of the U/Pb ages obtained by zircon multigrain analyses, U/Pb-SHRIMP dating on zircons from four selected localities and Pb stepwise leaching (PbSL) on one garnet separate were performed.
Th04-02. The Muang Pan Gneiss, N-Thailand (18˚39'N/99˚30'E)
The Muang Pan Gneiss is located on the eastern flank of the Northwestern basement complex, east of the Inthanon range or western region of the Lampang Province. The investigated sample originates from a strongly weathered muscovite-biotite gneiss from an outcrop some 12 Km south of Amphoe Muang Pan in the Lampang area (Figure 1) . The gneiss is overlain by phyllites. The transition from the phyllites into the gneiss is continuous and the foliation of the gneiss corresponds to the cleavage of the phyllites (125/78, steeply dipping to the SE).
[1] noted that a conventional U/Pbzircon age pointing to a Silurian intercept of 428 ± 19 Ma could be of importance for the evolution of the basement gneisses, therefore we selected this location for detailed investigations. Up to then, a comparable old age of 446 ± 5 Ma ( 40 Ar/ 39 Ar on amphiboles) was only reported once by [18] from the Langsang gneiss (equal to Larn Sang in our text) in the Wang Chao shear zone where apart from that only Mid-Oligocene ages had been observed ( [14] [18] ).
The six zircon size fractions from the Muang Pan Gneissanalysed by conventional U/Pbtechniques ( scatter around a reference discordia with a lower intercept at 428 ± 19 Ma and pointto an upper intercept at some 2190 Ma (Figure 2(a) ). The pattern of the analysed fractions shows a normal distribution with respect to Uranium content and grain size ( [19] ). The scattering of the data points is most probably caused by loss of Pb in the slightly alterated outer rims of the zircons as to be seen in Figure 3 . The composition of the zircon grains is quite simple consisting of a detrital rounded core and well developed zoned overgrowth. Therefore the discordia defines a mixing line between an inherited age of provenance and a new growth during high-grade metamorphism. To our opinion the lower intercept reflects the minimum age of the last high-grade metamorphism, whereas the upper intercept is interpreted to be the age of the source area of the protolith. The mean crustal residence time of the sample Th04-02 is determined by Sm/Nd WR analysis ( Table 2 ) yielding a model age of 1836 Ma (T DM ), which is a widespread modelage for the gneisses in N-Thailand ( [15] ). This model age determines the source area of the protoliths for the gneiss to be Paleoproterozoic. The age information of provenance given by the upper intercept of the U/Pbdiscordia is slightly older for the history of the zircon minerals, also pointing to the Paleoproterozoic. The cooling history of the Muang Pan gneissis documented by Rb-Sr and K-Ar dating on micas presented in Table 2 and Table 3 . Rb-Sr analyses on muscovite-WR yielded an age of 357 ± 1 Ma considered to reflect the 500˚C ± 50˚C cooling ( [20] ). The Rb-Srbiotite-WR reference line led to an age of 346 ± 0.2 Ma, which is interpreted as cooling below 300˚C ± 50˚C ( [20] ). K-Ar datingon muscovite yielded 352.2 ± 7 Ma and 352.0 ± 7 Ma for biotite, respectively. These ages are considered to document the cooling below 425˚C for muscovite ( [21] ) and 300˚C ± 50˚C for biotite [22] , respectively. In sum, all mica data indicate rapid cooling in the Early Carboniferous time, around 357 to 346 Ma. This cooling is most probably related to tectonic activities like uplift and exhumation. These results encouraged us to investigate the zircons of the Muang Pan Gneiss by SHRIMP analyses ( Table  4) . The results of the analysed spots are shown in Figure 2(b) . The cathodoluminescence images of the analysed zircons from sample Th 04-02 including measurement spots, ages and calculated errors are displayed in Figure  3 . Fourteen of the 22 analysed spots give a slightly older age of 445.2 ± 3.8 Ma which corresponds within limits of error to the conventional multigrain zircon age of 428 ± 19 Ma. This is strong evidence that a Middle Ordovician high-grade metamorphic event provoked the new growth of the zircons. The slightly younger ages obtained on some spots at the rims (spot 14 and 16) are related to lead loss by alteration whereas older ages from the cores (spot 2, 5, 15, 18 and 20) are interpreted to represent mixing ages of detrital zircons partly resetted by new overgrowth during Ordovician times. The Khlong Lanparagneisscrops out in the Khlong Lan National Park, southern continuation of the Bhumibol and Lan Sang basement complexes. The rock sequence is composed of gneiss, schist, calc-silicate and marble. The gneiss is considered to be part of a paragneiss sequence which comprises quartz, feldspar and biotite covering the major part of the area. Ductile and brittle deformation features can be observed in the gneissic layering and are more pronounced towards the east ( [23] ).
Sample ThM 02-92, (Figure 1 ) represents a light grey altered augengneiss which was dated by conventional multigrain technique by [15] . The results showed the expected Indosinian age with a slight younging (174 ± 5 Ma) and a further HT metamorphic overprint in the Lower Cretaceous (119 −10/+8 Ma). Similar young over [40] . The analytical procedure and data reductions are described in [41] . The analytical procedure is given in [43] .
prints with Upper Cretaceous ages are reported from the orthogneisses of the DoiInthanon (84 ± 2 Ma, 72 ± 1 Ma, [24] ) and a discordant dyke within the Larn Sang Gneiss (concordant monazite of 76 ± 1 Ma, [15] ). These overprints were mainly of local and thermal character and caused a lead loss in the zircons, as discussed in [1] . The SHRIMP analyses on zircons from ThM 02-92 ( 
Th 01-00. Amphibolebearing Gneiss from the Khao Phra Mountain, S-Thailand (09˚07'N -99˚52'E)
The high-grade metamorphic rocks of gneiss and schist in the lower southern peninsula occur only along the east coast at Khanom and Sichon districts, Nakhon Si Thammarat near Surat Thani province. The complexes were recognized and divided by [25] into two sub-units, from lower to upper units including, the Nai Plao Beach Gneiss and the Khao Yoi Schist. In the lower unit biotite gneiss with coarse grained porphyroblastic and equigranular textures are intercalated with sillimanite gneiss. Both, orthoclase and microcline are common porphyroblasts and usually engulf biotite, quartz and the needle-like or fibrolite sillimanite. Garnet was sometimes found as smaller sizedporphyroblast. In places, when cataclastically deformed, these both feldspars and garnet porphyroblastsmay show the same sense of rotational movement. The upper unit consists of schist, quartzite and small lenses of calc-silicate and marble. Khao Phra amphibole bearing gneiss in this paper is considered to be the lower unit of the above mentioned gneissic complex. The contact between these high-grade metamorphic rocks and the adjacent Ordovician Thungsong limestone and Upper Paleozoic rocks are obscured by thick overburden and dense vegetation. However, all the Paleozoic rock formations and the basement rocks share similar tectonic foliation and alignments.
Previous U/Pb dating on zircons of a amphibolebearing gneiss (Th 01-00, Th 02-00) from the Khao Phra Mountain (Figure 1) showed a very young U/Pb lower intercept of Eocene age (45 +12/−18 Ma) as well as an upper intercept age of 452 +93/−84 Ma ( [1] ), the latter similar to the age obtained on sample Th 04-02 from the north (s.a.). The lower intercept age determined by conventional U/Pb techniques was corroborated by the K/Ar data from a micaceous gneiss (Th 5-00) sampled ~25 km west of the above-mentioned amphibole-bearing gneiss which showed a muscovite cooling age of 43 ± 4 Ma reflecting uplift and cooling in the Eocene ([1]) . In order to verify these ages additional SHRIMP analyses were performed. The data are shown in Table 4 and the cathodoluminescence images of the analysed zircons from sample Th 01-00 including measurement spots, ages and calculated errors are shown in Figure 5 . Nine SHRIMP spots within the fifteen analysed zircons confirm aslightly older Paleocene age of 56.45 ± 0.72 Ma (Figure 2(c) ). Comparable Eocene ages were reported by [6] (U-Pb LA-ICP-MS on zircons and Rb-Sr on micas), these authors relate Middle Eocene data to dextral ductile deformation, and Late Eocene data to dextral transpressional deformation in the Khlong Marui shearzone. Our data originate from a location approximately 70 Km SE of the shearzone.
The rest of our analyses from the cores of the zircons show a few concordant ages between 178 and 612 Ma. It is interesting to note that three spots (5, 11 and 13) reflect older Indosinianages for the inner parts of the zircons, The Ordovician age of 452 Ma obtained by convential multigrain dating ([1]) could not be confirmed. However, recently [26] reported an LA-ICP-MS U-Pb age of 477 ± 7 Ma for the Khao Dat Fa granite from the Khanom area of Peninsular Thailand. These authors interpreted this age as evidence that the Sibumasu Block has a crystalline basement that was formed during the Ordovician time. Contrastingly, [6] published a great number of far older ages up to Archean times for the inner parts of their zircons
MU 7. Ban Khao Takiab Orthogneiss, Central Thailand (12˚54'N -99˚57'E)
The high-grade metamorphic rocks of Hua Hin-Pran Buri including Ban KhaoTakiab area, central Thailand were first described by and [27] [28] . The garnet-bearing biotiteorthogneiss extends approximately 60 km N-S from the western part of Cha Am districtto Pran Buri district. The rocks are coarse to very coarse grained and porphyroblastic showing well defined myloniticandcataclastic overprints, most intensive along a major northeast-southwest strike slip fault zone which is considered to be a branch of the Three Pagodas Fault. The orthogneissis bordered by a succession of paragneiss and meta-sedimentary sequences from the lowermost horizon to the top horizon as follows: metapelite (mica sillimanite schist) and gneiss, calc-silicate, quartzofeldspathicrocks and marble, quartzite and marble ( [28] ). Sample MU 7 is a coarse grained porphyroblastic garnet-bearing biotite gneiss collected at Ban Khao Takiab showing cataclasticoverprint. It used to be considered as part of the Hua Hin-Pran Burimylonite zone. [29] reportedbiotite K/Ar cooling ages of 34 and 32 Ma from this gneiss. A Rb/Srisochron from the intruding Hub Kapong foliated granite which is part of the Hub Kapong Batholith yielded an age of 210 ± 4 Ma ( [27] [30] ).
In order to verify the time of the main metamorphic event leading to the formation of the gneissic texture and the related garnets as well as to prove whether the garnets show a multiple growth age-zonation leach experiments were performed. The Pb/Pb data obtained are presented in Table 5 and plotted in Figure 6 . The data defines a reference line with a slope corresponding to an age of 224 ± 120 Ma. Even if the fit (MSWD = 17) is not ideal, all data points lie within limits of error on the reference line and show no sign of older cores within the analyzed garnets. This fact is interpreted as a proof that the garnet were solely formed during the high-grade metamorphism which led to the formation of the gneiss during Indosinian times. The thermal pulse which resetted the K/Ar isotope system in the biotites did not affect neither the Pb/Pb nor the Rb/Sr system. 
Conclusion
The SHRIMP data as well as the PbSL age of syn-metamorphic garnets confirm the conclusions for the evolution of the basement rocks of Thailand as proposed by [1] . A Precambrian age for the high-grade metamorphic genesis of the crystalline rocks in Thailand can be excluded. A few locations show an early metamorphic event of Middle Ordovician age. Constraints on the metamorphic history suggest a common metamorphism in most investigated basement domains during Upper Triassic times (Indosinian orogeny) under amphibolite-facies conditions followed by at least two thermal events during the Upper Cretaceous and the Upper Paleocene. Similar age patterns of Indosinian granites with a thermal overprint in Upper Cretateous times were reported from Phuket Islandand near Kuala Lumpur by [7] . The regional distribution of the zircon ages implies that all samples belonging to the Sibumasu terrain show the existence of at least two metamorphic events (Upper Triassic and Cretaceous) but no signs of an earlier, Middle Ordovician event. In contrast, samples originating from the Sukhothai Fold Belt (Figure 1) show evidence ofMiddle Ordovician metamorphism. The correlation of the first locality (Th 04-02) as a part of the Sukhothai Fold Belt suggested by [31] is obvious. The sample (Th 01-00) collected east of the Khlong Marui Fault reveals a more complicated tectonic relationship as it does not show typical agesignatures as expected from rocks belonging to the Sibumasu Block. A correlation with the continuation ofSukhothai Fold belt, the socalled East Malaya Block ( [31] ) seems to be more likely as Middle Ordovician zircons occur as in sample Th 04-02. A striking difference in both samples is the strong HT overprint during the Upper Paleoceneeast of the Khlong Marui Fault, which would agree with the tectonic interpretation of [26] who relate these locations to the Sibumasuterraine. In conclusion, the data presented above confirm the general thermo-metamorphic evolution as obtained by conventional multigrain dating ( [1] ) which is also reconfirmed by [26] .
